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(57)Abstract: 

PROBLEM TO BE SOLVED: To perform the accurate measurement 
continuously for a long time with excellent response by performing oxygen 
pumping for a plurality of processing zones, and operating the pumping 
current flowing through an electro chemical pumping cell as the value of gas 
to be measured. 

SOLUTION: A gas sensor 1 00 sucks the oxygen partial pressure of the 
atmosphere in a plurality of processing zones and detects the pumping 
current. A driving part 101 performs oxygen pumping in a plurality of the 
processing zones in the gas sensor 100. An operating part 102 operates the 

pumping current flowing through the electrochemical pumping as the value . / 

of the gas to be measured. A display output part 103 displays the value I « „. ma- m ' 

operated in the operating part 1 02 or takes out the value to the outside as 
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the electric output. A heater driving part 104 heats the gas sensor 100 to ! ***** | T | wy L_ 

the specified temperature. With this constitution, even if the oxygen 1 j^j r - 

concentration in the gas to be measured becomes high, the device is not 1 J. 

affected, the response is excellent continuously and the accurate L 

measurement can be performed for a long time. Even in the measurement of 
the gas component to be measured of low concentration, the high S/N is 
obtained. 
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JP-A- 10-73563 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may 

not reflect the original precisely. 

2 **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

[Claim(s)] 

[Claim l] The measured gas containing the measured gas constituents which 
are characterized by providing the following and which have the hemoglobin 
bound oxygen which should be measured from external measured gas 
existence space is led to the bottom of a predetermined diffused resistor in 
the first processing zone, and it is the processing zone of this first. After 
making predetermined oxygen tension control the oxygen tension of the 
atmosphere in the processing zone of this first by pumping operation of the 
oxygen by the first electrochemical pump cell, In the second processing zone 
the bottom of a predetermined diffused resistor - the second processing zone 
■■ leading -- putting in - this - By pumping out oxygen in the second 
electrochemical pump cell, furthermore, the oxygen tension of this 
atmosphere In the third processing zone it controls to the low oxygen tension 
value which does not have influence in measurement of the amount of 
measured gas constituents substantially - making - further - the after that 
and third processing zone - leading - this - this ■■ pumping out the oxygen 
which reduction **** makes decompose the aforementioned measured gas 
constituents in the atmosphere drawn from the second processing zone, and 
is generated in that case in the third electrochemical pump cell - this the 
gas sensor which detects the pumping current which flows in the third 
electrochemical pump cell The mechanical component for carrying out the 
oxygen pumping of the aforementioned first or third processing zone in this 
gas sensor, this - the operation part which calculates the pumping current 
which flows in the third electrochemical pump cell to a measured gas value 
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The display-output section which displays the value calculated in this 
operation part, or is taken out to the exterior as electrical output, and the 
heater mechanical component which heats this gas sensor to predetermined 
temperature. 

[Claim 2] measured gas constituents - NOX it is gas analyzer according to 
claim 1 

[Claim 3] Furthermore, the gas analyzer according to claim 1 or 2 which 
leads the pumping current in the first processing zone, and the pumping 
current in the second processing zone to operation part, calculates in this 
operation part, and carries out the operation output of the amount of oxygen 
of a measured atmosphere, the amount of insufficient oxygen, or the 
equivalent. 

[Claim 4] NOX measured with the value of the amount of oxygen of a 
measured atmosphere, or the amount of insufficient oxygen, or the 
equivalent value Gas analyzer given in the amendment claim 3. 
[Claim 5] The gas analyzer according to claim 1 to 4 which constituted the 
mechanical component in one with the gas sensor at least. 
[Claim 6] From external measured gas existence space, lead the measured 
gas containing the measured gas constituents which have the hemoglobin 
bound oxygen which should be measured to the bottom of a predetermined 
diffused resistor in the first processing zone, and it is set in the processing 
zone of this first. After making predetermined oxygen tension control the 
oxygen tension of the atmosphere in the processing zone of this first by 
pumping operation of the oxygen by the first electrochemical pump cell, In 
the second processing zone the bottom of a predetermined diffused resistor - 
the second processing zone - leading - putting in - this - By pumping out 
oxygen in the second electrochemical pump cell, furthermore, the oxygen 
tension of this atmosphere In the third processing zone it controls to the low 
oxygen tension value which does not have influence in measurement of the 
amount of measured gas constituents substantially - making - further - the 
after that and third processing zone - leading - this - this -■ by reduction 
****' s making the aforementioned measured gas constituents in the 
atmosphere drawn from the second processing zone decompose, and pumping 
out the oxygen generated in that case in the third electrochemical pump cell 
this the proofreading method of the gas analyzer which is the proofreading 
method of a gas analyzer using the gas sensor which detects the pumping 
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current which flows in the third electrochemical pump cell, makes a 
standard gas two or more known measured gas constituents, and is 
characterized by proofreading the pumping current over this as a calibration 
curve 

[Claim 7] As known measured gas constituents, they are H2 O or C02 at 
least besides measured gas constituents. The proofreading method of a gas 
analyzer according to claim 6 using the included standard gas. 
[Claim 8] The proofreading method of the gas analyzer according to claim 6 
or 7 which returns to operation temperature and creates the calibration 
curve by the standard gas before calibration-curve measurement after 
raising the temperature of a gas sensor 50-degree-C or more fixed time from 
operation temperature. 

[Claim 9] before calibration-curve measurement - a gas sensor a 
mechanical component separating ■■ first - the proofreading method of the 
gas analyzer according to claim 6 to 8 which returns a gas sensor to a drive 
state and creates the calibration curve by the standard gas after connecting a 
police box power supply between each electrode pair of the third processing 
zone and passing police box current 1Hz or more fixed time 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention - NOX etc. - 
the gas constituents which should be measured are related with the gas 
analyzer which measures what has a hemoglobin bound oxygen, and its 
proofreading method 
[0002] 

[Description of the Prior Art] In order to know the concentration of the gas 
constituents of the request in measured gas from before, various kinds of 
measuring methods and equipment are proposed. For example, NOX in 
measured gas, such as combustion gas, As a method of measuring NOX of Rh 
Reducing is used and the technique of having measured the electromotive 
force between these two electrodes is known using the sensor which makes it 
come on the solid electrolyte of oxygen ion conductivity, such as a zirconia, to 
form Pt electrode and Rh electrode. However, such a sensor is electromotive 
force not only changing with change of the oxygen density contained in the 
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combustion gas which is measured gas a lot but NOX. To concentration 
change, electromotive force change is small and, for the reason, tends to be 
influenced of a noise, moreover, NOX from the place where reducing gases, 
such as CO, become indispensable in order to pull out reducing - general ■- a 
lot of NOX the generated fuel - the bottom of too little combustion conditions 
- the yield of CO - NOX In order to be less than an yield, there was a fault 
that measurement was impossible, in the combustion gas formed in the 
bottom of such a combustion condition. 

[0003] moreover, it consists of the electrochemical pump cell of a lot which 
consists of a Pt electrode and a solid electrolyte of oxygen ion conductivity, a 
sensor cell and a Rh electrode, and a solid electrolyte of oxygen ion 
conductivity -■ already - the electrochemical pump cell and sensor cell of a 
lot combining - the difference of each pump current value - NOX The 
method to measure is clarified by JP,63"38154,A, JP,64*39545,A, etc. 
furthermore, to JP,1-277751,A or JP,2-1543,A It is NOX with the sensor 
which prepares 2 sets of the electrochemical pump cells and sensor cells of a 
couple, and consists of one pump cell and sensor cell of a lot. Under the 
oxygen tension which is not returned While measuring marginal pump 
current, by the sensor which consists of the pump cell and sensor cell of a lot 
of another side NOX Marginal pump current is measured under the oxygen 
tension returned, search for the difference of these marginal pump current, 
or The sensor which consists of the pump cell and sensor cell of a lot is used, 
and it is NOX about the oxygen tension in measured gas. It switches to the 
oxygen tension returned and the oxygen tension which must have been 
returned, and the method of measuring the difference of the limiting current 
is proposed. 

[0004] However, the above-mentioned NOX It is NOX which the current by 
the oxygen in which the value of the limiting current is usually included in 
large quantities in a measurement method occupies most, and makes the 
purpose. The based current is NOX from the difference of two big current 
value since it is very small. Small corresponding current value will be 
calculated. For this reason, in the case where the sensor of a lot is switched 
and measured, the problem that conitinuous measurement is impossible or 
responsibility and precision are inferior etc. arises. Moreover, in the case 
where 2 sets of sensors are used, if the oxygen density in measured gas 
changes a lot, when it will be easy to produce an error in measured value and 
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the oxygen density of measured gas will change a lot, it cannot be used. This 
is because the oxygen density dependency of the pump current of one sensor 
differs from the oxygen density dependency of the pump current of the sensor 
of another side, respectively. 

[0005] Furthermore, when the difference arose in aging of the property of 2 
sets of sensors, it became an error as it is and the fault which does not bear 
prolonged use also had it. Thus, the oxygen which exists in measured gas is 
NOX. On the occasion of measurement of other other measured gas 
constituents, it is the cause of the problem of the fall of the accuracy of 
measurement etc. 

[0006] For this reason, this invention persons set to Japanese Patent 
Application No. No. 48551 [ seven to ] that the above-mentioned problem 
should be solved. NOX in measured gas The first which comes to allot the 
measured gas constituents which have a hemoglobin bound oxygen in in- 
series, and second electrochemical pump cells are used. etc. ■■ Without 
receiving influence in the oxygen density in measured gas, or its change, 
continuously, it was rapid response and it proposed the new measuring 
method made measurable for a long time at accuracy. 

[0007] This new measuring method the measured gas containing the 
measured gas constituents which have the hemoglobin bound oxygen which 
should be measured from external measured gas existence space Under a 
predetermined diffused resistor, lead to the first and second processing zones 
one by one, and it sets first in the first processing zone, respectively. While 
controlling the oxygen in atmosphere by the first electrochemical pump cell 
to predetermined oxygen tension and controlling to the low oxygen tension 
value which does not have influence in measurement of the aforementioned 
amount of measured gas constituents substantially in the second processing 
zone, it sets in the third processing zone, this - the oxygen which reduction 
**** makes decompose and generates the measured gas constituents in the 
atmosphere drawn from the second processing zone in that case by pumping 
out in a pumping operation of the oxygen by the third electrochemical pump 
cell The pump current which flows in this third electrochemical pump cell is 
detected, and the amount of components of the measured gas in measured 
gas is calculated from the detection value. 
[0008] 

[Problem(s) to be Solved by the Invention] The place which this invention 
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requires for the further improvement of the above-mentioned measuring 
method, and is made into the purpose Even if the oxygen density in 
measured gas becomes high, while responsibility enables good and 
measurement exact for a long time continuously, without receiving influence 
in it Even if it faces measurement of low-concentration measured gas 
constituents, it is offering the gas analyzer which a high S/N ratio's is 
obtained and can obtain a big signal change, and its proofreading method. 
[0009] 

[Means for Solving the Problem] Namely, according to this invention, from 
external measured gas existence space, lead the measured gas containing 
the measured gas constituents which have the hemoglobin bound oxygen 
which should be measured to the bottom of a predetermined diffused resistor 
in the first processing zone, and it is set in the processing zone of this first. 
After making predetermined oxygen tension control the oxygen tension of 
the atmosphere in the processing zone of this first by pumping operation of 
the oxygen by the first electrochemical pump cell, In the second processing 
zone the bottom of a predetermined diffused resistor ■■ the second processing 
zone - leading - putting in -- this - By pumping out oxygen in the second 
electrochemical pump cell, furthermore, the oxygen tension of this 
atmosphere In the third processing zone it controls to the low oxygen tension 
value which does not have influence in measurement of the amount of 
measured gas constituents substantially - making - further - the after that 
and third processing zone - leading -- this ■■ this - by reduction ****' s 
making the aforementioned measured gas constituents in the atmosphere 
drawn from the second processing zone decompose, and pumping out the 
oxygen generated in that case in the third electrochemical pump cell this 
with the gas sensor which detects the pumping current which flows in the 
third electrochemical pump cell The mechanical component for carrying out 
the oxygen pumping of the aforementioned first or third processing zone in 
this gas sensor, this with the operation part which calculates the pumping 
current which flows in the third electrochemical pump cell to a measured gas 
value Gas-analyzer ** equipped with the display-output section which 
displays the value calculated in this operation part, or is taken out to the 
exterior as electrical output, and the heater mechanical component which 
heats this gas sensor to predetermined temperature is offered. 
[00 10] In this invention, it is desirable to lead the pumping current in the 
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first processing zone and the pumping current in the second processing zone 
to operation part, to calculate in this operation part, and to carry out the 
operation output of the amount of oxygen of a measured atmosphere, the 
amount of insufficient oxygen, or the equivalent, furthermore, measured gas 
constituents - NOX it is - NOX measured with the value of the amount of 
oxygen which carried out the operation output, or the amount of insufficient 
oxygen, or the equivalent value an amendment - things are desirable In 
addition, it is desirable that the mechanical component is constituted in one 
with the gas sensor at least. 

[0011] Moreover, according to this invention, from external measured gas 
existence space, lead the measured gas containing the measured gas 
constituents which have the hemoglobin bound oxygen which should be 
measured to the bottom of a predetermined diffused resistor in the first 
processing zone, and it is set in the processing zone of this first. After making 
predetermined oxygen tension control the oxygen tension of the atmosphere 
in the processing zone of this first by pumping operation of the oxygen by the 
first electrochemical pump cell, In the second processing zone the bottom of a 
predetermined diffused resistor ■- the second processing zone ■■ leading ■■ 
putting in - this ■■ By pumping out oxygen in the second electrochemical 
pump cell, furthermore, the oxygen tension of this atmosphere In the third 
processing zone it controls to the low oxygen tension value which does not 
have influence in measurement of the amount of measured gas constituents 
substantially ■■ making - further - the after that and third processing zone 
- leading - this this - by reduction ****» s making the aforementioned 
measured gas constituents in the atmosphere drawn from the second 
processing zone decompose, and pumping out the oxygen generated in that 
case in the third electrochemical pump cell this - it is the proofreading 
method of a gas analyzer using the gas sensor which detects the pumping 
current which flows in the third electrochemical pump cell, and two or more 
known measured gas constituents are made into a standard gas, and the 
proofreading method of the gas analyzer which proofreads the pumping 
current over this as a calibration curve is offered 

[0012] It sets to the proofreading method of this invention, and they are H2 
O or C02 at least besides measured gas constituents as known measured gas 
constituents. It is desirable to use the included standard gas. Moreover, after 
raising the temperature of a gas sensor 50-degree-C or more fixed time from 
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operation temperature before calibration-curve measurement, it returns to 
operation temperature. It is desirable to create the calibration curve by the 
standard gas. further before calibration-curve measurement a gas sensor - a 
mechanical component - separating - first - after passing police box current 
1Hz or more fixed time, it is [ after connecting a police box power supply 
between each electrode pair of the third processing zone ] desirable to return 
a gas sensor to a drive state and to create the calibration curve by the 
standard gas 
[0013] 

[Embodiments of the Invention] Hereafter, the gas analyzer of this invention 
is explained in detail and concretely. First, the gas sensor which is the 
component which constitutes the gas analyzer of this invention is explained 
in detail. 

[0014] Drawing 3 is NOX of the component which constitutes the gas 
analyzer of this invention. It is the block diagram showing an example of a 
sensor, and drawing 3 (a) is flat-surface explanatory drawing, and drawing 3 
(b) is important section expansion explanatory drawing in the A- A cross 
section of drawing 3 (a). As shown in drawing 3 , 2 is a sensor element which 
presents the plate configuration of a ****** long picture, and let the sensor 
element 2 be the plate of the integral construction which comes to carry out a 
laminating including two or more precise airtight solid electrolyte layers 4a, 
4b, 4c, 4d, 4e, and 4f of oxygen ion conductivity so that more clearly than 
drawing 3 (b). In addition, each solid electrolyte layers 4a 4f will be formed 
by each using the solid electrolyte material of oxygen ion conductivity with 
well-known zirconia ceramics etc. And the sensor element 2 of this integral 
construction will be manufactured by really calcinating the laminated 
material of a non-calcinated solid electrolyte as usual. 

[0015] and in the sensor element 2 of this integral construction It is made for 
the third internal dead air space 8 to be located, the first internal dead air 
space 6, the second internal dead air space 7, and the third internal dead air 
space 8 which present the flat-surface gestalt of a rectangle configuration, 
respectively - an element nose-of-cam side - this - the first internal dead air 
space 6 - being located an element end face side - this While being 
formed separately and constituting the first processing zone, the second 
processing zone, and the third processing zone from a gestalt divided from 
the outside, respectively In the gestalt which overlap up and down in the 
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gestalt which became independent for a start [ these ] in the second and third 
internal dead air space 6, 7, and 8 It is prepared so that the criteria air 
introduction path 10 as criteria gas existence dead air space may be 
prolonged in the longitudinal direction of the sensor element 2, and in the 
edge by the side of the base of the sensor element 2, you carry out opening of 
this criteria air introduction path 10, and it is made open for free passage by 
the atmosphere. Here in addition, the second and third internal dead air 
space 6, 7, and 8 for a start By covering the corresponding dead air space 
formed in solid electrolyte 4b in the up-and-down solid electrolyte layers 4a 
and 4c It is formed in the state where it is located in an abbreviation 
coplanar, and the criteria air inlet 10 is formed by covering the 
corresponding dead air space formed in 4d of solid electrolyte layers from the 
upper and lower sides by solid electrolytes 4c and 4e. 

[0016] Moreover, the diffusion limitation path 12 of the first diffusion 
limitation means slack first which makes external measured gas existence 
space open the first internal dead air space 6 for free passage Solid 
electrolyte 4b is cut and lacked, it is prepared so that opening may be carried 
out to the point of the sensor element 2, and the measured gas which 
contains NOX as measured gas constituents under a predetermined diffused 
resistor comes to lead in the first internal dead air space 6 through this first 
diffusion limitation path 12. Furthermore, a slot-like notch is prepared and 
the second, the second which constitute the third diffusion limitation means, 
and third diffusion limitation path 13 and 14 is formed also in the solid 
electrolyte layer 4b portion located between the first internal dead air space 
6 and the second internal dead air space 7, and the solid electrolyte layer 4b 
portion located between the second internal dead air space 7 and the third 
internal dead air space 8, respectively. In addition, into these [ second ], the 
third diffusion limitation path 13, and 14, the porosity object which consists 
of an alumina etc. is filled up with and arranged, and the diffused resistor of 
these paths is made larger than the diffused resistor in the diffusion 
limitation resistance 12 of the above first. And through the second diffusion 
limitation path 13, the atmosphere in the first internal dead air space 6 
comes to lead in the second internal dead air space 7 under a predetermined 
diffused resistor, and the atmosphere in the second internal dead air space 7 
is further led in the third internal dead air space 8 to the bottom of a 
predetermined diffused resistor. 
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[0017] Into the portion exposed in the first [ of solid electrolyte film 4a ] 
internal dead air space 6 Touch it, and the first inside pump electrode 16 
which consists of a porosity cermet electrode of a rectangle configuration is 
formed, and further to the outside part of solid electrolyte layer 4a 
corresponding to this first inside pump electrode 16 The first outside pump 
electrode 18 which consists of a porosity cermet electrode of the same 
rectangle configuration is formed, and the first electrochemical pump cell is 
constituted by these electrodes 16 and 18 and solid electrolyte layer 4a so 
that it may be touched. And by making desired voltage impress and passing 
current in the external source 20 of good transformation, between two 
electrodes 16 of this first electrochemical pump cell, and 18, in the direction 
of the first outside pump electrode 18 to the first inside pump electrode 16 
While being able to pump out the oxygen in the atmosphere in the first 
internal dead air space 6 to external measured gas existence space, oxygen 
can be poured in from external measured gas existence space by passing 
current conversely, in addition, a porosity cermet electrode - metals, such as 
Pt, and Zr02 etc. - the first inside pump electrode 16 arranged in the first 
internal dead air space 6 in contact with measured gas although ceramics 
will be consisted of - NOX in measured gas the metal which does not have 
reducing or it weakened reducing [ of a component ] - it is necessary to use - 
■ a Pt-Au alloy and Zr02 It is desirable to consist of cermets. [ for example, ] 
[0018] furthermore, into the portion exposed in the first [ of solid electrolyte 
layer 4c ] internal dead air space 6 Into the portion which it is touched, and 
the measuring electrode 22 which consists of a first inside pump electrode 16 
and same porosity cermet electrode is formed, and is exposed in the criteria 
air introduction path 10 of this solid electrolyte layer 4c It is touched and the 
reference electrode 24 which consists of a first outside pump electrode 18 and 
same porosity cermet electrode is formed, by these measuring electrodes 22, 
the reference electrode 24, and solid electrolyte film 4c It is constituted, the 
electrochemical cell, i.e., the electrochemical sensor cell, as an oxygen 
tension detection means, as everyone knows Based on the oxygen density 
difference between the atmosphere in the first internal dead air space 6, and 
the criteria air in the criteria air introduction path 10 (atmosphere), the 
electromotive force generated between a measuring electrode 22 and a 
reference electrode 24 by measuring with a potentiometer 26 The oxygen 
tension of the atmosphere in the first internal dead air space 6 is detected. 
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And it is based on the value of the oxygen tension of the atmosphere in the 
first internal dead air space 6 detected with this potentiometer 26. The 
voltage of the source 20 of good transformation is controlled, and the pump 
operation of the first electrochemical pump cell is controlled so that the 
oxygen tension of the atmosphere in the first internal dead air space 6 
therefore serves as low predetermined value sufficient in the ability of 
oxygen tension to be controlled in the second next internal dead air space 7. 
[0019] On the other hand, so that it may be located in the second internal 
dead air space 7 on solid electrolyte layer 4c Touch it and the second inside 
pump electrode 28 which consists of a first inside pump electrode 16 and 
same porosity cermet electrode is formed, moreover, into the portion exposed 
in the criteria air introduction path 10 of solid electrolyte layer 4c 
corresponding to this inside pump electrode 28 The second outside pump 
electrode 30 which consists of a first outside pump electrode 18 and same 
porosity cermet electrode is formed, and the second electrochemical pump 
cell is constituted by these inside pump electrode 28, the outside pump 
electrode 30, and solid electrolyte layer 4c. And by making desired voltage 
impress by external DC power supply 32, and passing current from the 
second outside pump electrode 30 side to the second inside pump electrode 28 
side between two electrodes 28 of this second electrochemical pump cell, and 
30 Measured gas constituents (NOX) are substantially controlled for the 
oxygen tension of the atmosphere in the second internal dead air space 7 by 
the low oxygen tension value which does not have influence in the bottom of 
the situation that reduction **** must have been decomposed, substantially 
to measurement of the amount of measured gas constituents. 
[0020] Furthermore, it is touched and the third inside pump electrode 36 of a 
rectangle configuration is formed in the solid electrolyte layer 4c portion 
then, exposed in the third internal dead air space 8. this third inside pump 
electrode 36 - measurement ed - gas constituents - NOX Rh and Zr02 as 
ceramics which are the metal which may be returned It consists of becoming 
porosity cermets, from - thereby NOX which exists in the atmosphere in the 
third internal dead air space 8 NOX which may be made to return While 
functioning as a reduction catalyst, corresponding to the inside pump 
electrode 36, between the third outside pump electrodes 38 arranged in the 
criteria air introduction path 10 When fixed voltage is made to impress by 
DC power supply 34, the oxygen in the atmosphere in the third internal dead 
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air space 8 is pumped out in the criteria air introduction path 10. Therefore, 
the third electrochemical pump cell is constituted by the third inside pump 
electrode 36, the third outside pump electrode 38, and solid electrolyte layer 
4c here. And the pump current which flows by the pump operation of this 
electrochemical pump cell is detected by the ammeter 40. In addition, said 
constant-voltage (direct current) power supply 34 is restricted NOX by the 
third diffusion limitation path 14. It puts under an inflow and is NOX of the 
third electrochemical pump cell. The voltage of the size which gives the 
limiting current can be impressed now to the pumping of the oxygen 
generated at the time of decomposition. 

[0021] In addition, in the sensor element 2, the heater 42 made to generate 
heat by the electric supply from the outside is laid underground in the form 
inserted from the upper and lower sides in the solid electrolyte layers 4e and 
4f. Moreover, although illustration is not carried out, in order to obtain the 
electric insulation with the solid electrolyte layers 4e and 4f, ceramic layers, 
such as an alumina, are formed in the vertical side of this heater 42 in the 
thin layer. The heater 42 is continued and arranged in the third whole 
internal dead air space 8 from the first internal dead air space 6, as shown in 
drawing 3 (b). and by this When these interior dead air space 6, 7, and 8 is 
heated by predetermined temperature, respectively, for a start, the second 
and third electrochemical pump cells are heated to temperature respectively 
predetermined, of course also in an electrochemical sensor cell, and it is held. 
[0022] Therefore, if it is in the sensor element 2 of such composition, the 
point side is arranged in measured gas existence space, and measured gas 
passes along the first diffusion limitation path 12 established in the sensor 
element 2, and is led by this in the first internal dead air space 6 to the 
bottom of a predetermined diffused resistor. And the measured gas drawn in 
the first internal dead air space 6 receives a pumping operation of the oxygen 
caused by making predetermined voltage impress between two electrodes 16 
which constitute the first electrochemical pump cell, and 18, and it is 
controlled so that the oxygen tension becomes a predetermined value. 
[0023] In addition, in order to make the oxygen tension of the atmosphere in 
the first internal dead air space 6 into a predetermined value, based on the 
Nernst f s equation known well, the electromotive force between the 
measuring electrodes 22 and reference electrodes 24 in an electrochemical 
sensor cell is measured with a potentiometer 26, and the technique of 
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controlling two electrodes 16 of the first electrochemical pump cell and the 
voltage (adjustable voltage 20) impressed among 18 is adopted. Namely, 
what is necessary is just to control the voltage of the first electrochemical 
pump cell to become the electromotive force equivalent to the difference of 
the predetermined oxygen density in the first internal dead air space 6, and 
the oxygen density of criteria air. Here, when the first diffusion limitation 
path 12 impresses voltage to the first electrochemical pump cell, the oxygen 
in measured gas narrows down the amount which carries out a diffusion 
inflow to measurement space (first internal dead air space 6), and it is 
carrying out the work which suppresses the current which flows in the first 
electrochemical pump cell. In addition, when the oxygen density in measured 
gas is higher than predetermined, oxygen is pumped out by oxygen pumping 
operation of the first electrochemical pump cell, on the other hand, or the 
oxygen density in measured gas is lower than predetermined, in the case of 
zero, an oxygen pumping operation of the first electrochemical pump cell will 
pour oxygen from outer space, it will carry out, and the oxygen tension of the 
atmosphere in the first processing zone will be controlled to predetermined 
oxygen tension. 

[0024] Moreover, it also sets [ in the first internal dead air space 6 ] heating 
by external measured gas, and under the heating environment according to a 
heater 42 further, and is NOX in atmosphere at the inside pump electrode 16 
or a measuring electrode 22. State under the oxygen tension which is not 
returned, for example, NO>l/2N2+l / 202, The situation under the oxygen 
tension in which a reaction does not occur is formed. When it is ** and NOX 
in measured gas (atmosphere) is returned in the first internal dead air space 
6, it is NOX in the third [ next ] internal dead air space 8. Are because exact 
measurement becomes impossible and it sets in this meaning. It sets in the 
first internal dead air space 6, and is NOX. It is NOX at the component (here 
metal component of the inside pump electrode 16 or a measuring electrode 
22) which participates in reduction. It is necessary to form the situation 
which must have been returned. 

[0025] For this reason, to the second internal dead air space 7, so that the 
oxygen tension of the atmosphere of the interior can always be made into a 
low fixed oxygen tension value The second electrochemical pump cell (4c, 28, 
30) is prepared, by this pump operation Even if the oxygen tension of the 
atmosphere drawn changes from the first internal dead air space 6 according 
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to the oxygen density of measured gas The oxygen tension of the atmosphere 
in the second internal dead air space 7 can always be made into a low fixed 
value, and, thereby, it is NOX. It is controllable to the low oxygen tension 
value which does not have influence in measurement substantially. 
[0026] In addition, it sets in this second internal dead air space 7 under the 
heating environment at heating by external measured gas, or a heater 42 as 
well as the inside of the first internal dead air space 6, and is NOX in 
atmosphere at the second inside pump electrode 28. The state under the 
oxygen tension which is not returned is formed. For this reason, even if it is 
in the second inside pump electrode 28, like the first inside pump electrode 
16 or a measuring electrode 22, there is reducing [ no / to measured gas ], or 
the electrode quality of the material which weakened reducing will be used. 
[0027] The measured gas by which oxygen tension was controlled in the 
second internal dead air space 7 as mentioned above passes along the third 
diffusion limitation path 14, and is led in the third internal dead air space 8 
to the bottom of a predetermined diffused resistor. And the measured gas 
drawn in this third internal dead air space 8 Between the third inside pump 
electrodes 36 and the third outside pump electrodes 38 which constitute the 
third electrochemical pump cell By making predetermined voltage impress 
in the direction in which oxygen is pumped out of the third internal dead air 
space 8 at the criteria air introduction path 10 side Receive a pumping 
operation of oxygen and this sets in the third internal dead air space 8. An 
oxygen density is made to fall further in the three phase interface of the 
third inside pump electrode 36 especially, and it is NOX. It sets around the 
inside pump electrode 36 which functions also as a reduction catalyst, and is 
NOX. It is controlled by the state where it is returned. At this time, the 
current which flows in the third electrochemical pump cell is NOX at the 
oxygen density and the third inside pump electrode 36 in the atmosphere in 
the oxygen density 7 in the atmosphere led to the third internal dead air 
space 8, i.e., the second internal dead air space. Although it becomes a value 
proportional to the sum with the oxygen density which it was returned and 
was generated The current which flows in the third electrochemical pump 
cell since the oxygen density in the atmosphere in the second internal dead 
air space 7 is uniformly controlled by the second electrochemical pump cell is 
NOX. It will be proportional to concentration. And the NOX Concentration is 
NOX restricted at the third diffusion limitation path 14. It corresponds to the 
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amount of diffusion and is NOX in this way. Measurement of concentration 
is attained. 

[0028] Drawing 4 is NOX of the component which constitutes the gas 
analyzer of this invention. It is cross-section explanatory drawing showing 
the modification of a sensor. Unlike the example of drawing 3 , in the 
modification shown in drawing 4 , the second internal dead air space 7 and 
the third internal dead air space 8 are unified. It considers as the interior 
dead air space 9 of coalesce which consists of one slit flat space, second inside 
pump electrode 28 there The reference electrode 24 of the electrochemical 
sensor cell which it reaches, and the third inside pump electrode 36 is 
allotted, and is arranged in the criteria air introduction path 10, The feature 
is in ****** by which the second outside pump electrode 30 in the second 
electrochemical pump cell and the third outside pump electrode 38 in the 
third electrochemical pump cell are constituted from one community pole 44. 
[0029] The interior dead air space 9 of coalesce consists of this modification 
including the second processing zone and the third processing zone. The 
measured gas drawn from the first internal dead air space 6 through the 
second diffusion limitation path 13 By receiving the pump action of the 
oxygen by the second electrochemical pump cell which consists of a second 
inside pump electrode 28 allotted to the entrance-side part of the interior 
dead air space 9 of coalesce, a second outside pump electrode 30, and solid 
electrolyte layers 4a, 4b, and 4c While being made to control by the low fixed 
oxygen tension value, it is spread under the predetermined diffused resistor 
specified in the slit flat space of this interior dead air space 9 of coalesce. It 
results in the third electrochemical pump cell arranged at the back flank 
grade of this interior dead air space 9 of coalesce, there Measured gas- 
constituents slack NOX While reduction is performed by the third inside 
pump electrode 36 By performing pumping of the oxygen from this third 
inside pump electrode 36 to the third outside pump electrode 38, the pump 
current of the third electrochemical pump cell is detected by the ammeter 40. 
[0030] Next, the gas analyzer concerning this invention incorporating a gas 
sensor which was described above is explained. Drawing 1 is the block 
diagram showing an example of the composition of the gas analyzer 
concerning this invention, and the gas analyzer concerning this invention A 
gas sensor 100 and the mechanical component 101 which carries out the 
oxygen pumping of this gas sensor 100, The operation part 102 which 
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calculates the pumping current which flows in the electrochemical pump cell 
of a gas sensor 100 to a measured gas value, It consists of fundamentally the 
display-output section 103 which displays the value calculated by operation 
part 102, or is taken out to the exterior as electrical output, and a heater 
mechanical component 104 which heats a gas sensor 100 to predetermined 
temperature. 

[0031] Although it has the function to calculate the pumping current which 
flows in the third electrochemical pump cell to a measured gas value in 
operation part 102 here By introducing the pumping current (Ipl) in the first 
processing zone, and the pumping current (Ip2) in the second processing zone, 
and calculating by this operation part 102 further, in operation part 102 It is 
desirable to carry out the operation output of the amount of oxygen in 
measured gas, the amount of insufficient oxygen, or the equivalent. Here, 
specifically as the equivalent of measured gas, the rate of hyperoxia (lambda 
value) or an air-fuel ratio (A/F value) can be mentioned. It can ask for this 
based on (A*Ipl+B*Ip2+C*Ip3) being proportional to the total amount of 
oxygen in measured gas. In addition, A, B, and C are constants, respectively 
and Ip3 is the pumping current which flows in the third electrochemical 
pump cell, i.e., the pumping current in the third processing zone. 
[0032] and this invention - setting - the value of the amount of oxygen in 
measured gas, or the amount of insufficient oxygen, or an equivalent value - 
NOX in measured gas concentration - an amendment - things are desirable 
in this case, NOX it is desirable to use the value which calculated 
concentration based on (Ipl+Ip2+Ip3) as the amount of oxygen of an 
amendment sake, the amount of insufficient oxygen, or the equivalents (the 
rate of hyperoxia, air-fuel ratio, etc.), and it is simple -- like (Ipl) (Ipl+Ip2), 
it may be based and the calculated value may be used For example, it 
depends for the pumping current (Ip3) in the third processing zone on the 
oxygen density in measured gas. As shown in drawing 6 , it is NOX in 
measured gas by the oxygen density in measured gas. When concentration is 
high, it changes somewhat, then - beforehand - the dependence of pumping 
current (Ip3) and the oxygen density in measured gas - measuring - this 
measurement data operation part 102 - incorporating - NOX in measured 
gas concentration - an amendment " things are desirable in addition, the 
dependency of a NOX density measurement value [ in / the equivalents (the 
rate of hyperoxia, air-fuel ratio, etc.) then reducing gas, an inert gas, and a 



16 



oxidizing gas / as other examples / for a horizontal axis ] although drawing 6 
explained the amendment about an oxygen dependency as an example - an 
amendment - things are also possible 

[0033] Drawing 2 is the block diagram showing other examples of the 
composition of the gas analyzer concerning this invention. By the gas 
analyzer shown in drawing 2 , composition when receiver units, such as 
operation part, are separated is indicated to be a gas sensor. A gas sensor 
100, The mechanical component 101 which carries out the oxygen pumping 
of the gas sensor 100, and the amplifier 105 which amplifies the pumping 
current acquired by the mechanical component 101 are arranged in one. The 
sensor probe 110 is constituted and the receiver unit 120 which consists of 
operation part 102, the display-output section 103, and a heater mechanical 
component 104 is arranged in the position distant from this sensor probe 
110. 

[0034] Drawing 5 is the gas analyzer which materialized the gas analyzer 
shown in drawing 2 as a block diagram. Setting to drawing 5 , a gas analyzer 
50 is the measured gas induction 60 and NOX. It consists of detecting 
elements 70. In the measured gas induction 60, the gas intake 63 and the gas 
exhaust port 64 are formed in the method of point one end of the cylindrical 
shape-like probe 62. Grids 65 and 66 are formed in the gas intake 63 and the 
gas exhaust port 64 at intervals of predetermined, respectively. In the probe 
62, the inner tube 67 which has flange 67a is formed a probe 62 and in the 
shape of a concentric circle. And as the arrow in drawing shows, the 
measured gas taken in from the gas intake 63 invades through the interior of 
an inner tube 67, returns between an inner tube 67 and probes 62 at the edge 
of an inner tube 67, and is discharged out of a probe 62 from the gas exhaust 
port 64. 

[0035] NOX A detecting element 70 is NOX in the detecting-element main 
part 72. The sensor unit 73 is contained and it is constituted. NOX The 
sensor unit 73 is NOX of a tabular. While making it expose to an end and 
forming a sensor 74, in the other end, it is NOX. It unified by meanses, such 
as a screw lump, and the terminal block 75 used for taking electrical 
installation with the exterior of a sensor 74 is formed. In the periphery 
section of the edge of the detecting-element main part 72, they are the 
measured gas induction 60 and NOX. The flange 77 for connecting a 
detecting element 70 is formed. In the pars intermedia of the detecting- 
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element main part 72, it is NOX about proofreading gas. The proofreading 
gas intake 78 for supplying a sensor 74 is formed. Moreover, NOX of the 
detecting-element main part 72 The flange 79 and lid 80 for containing a 
terminal block 75 are formed in the edge in which the sensor 74 was formed, 
and the edge of an opposite side. And the wiring mouth 81 for deriving the 
electrode from a terminal block 75 etc. to the exterior (wiring of the below- 
mentioned mechanical component etc.) is formed in the side of a flange 79. 
Moreover, NOX The gas-seal section by O ring 82 is prepared in the sensor 
unit 73 so that measurement gas may not leak to a terminal block 75. In 
addition, in a terminal block 75, they are a terminal block 75 and NOX. It is 
NOX about the sensor unit 73. The terminal screw 86 fixed to a detecting 
element 70 is attached. 

[0036] This mechanical component 85 is electrically connected to the receiver 
90 containing operation part, the display-output section, etc. by equipping 
this terminal block 75 with the mechanical component 85 containing 
amplifier, and it is NOX. The pumping, the predetermined operation, and a 
display and an output of a sensor 74 are performed. Thus, electrical noise 
can be reduced by constituting a mechanical component in one near the gas 
sensor by amplifying the pumping current in a mechanical component with 
amplifier, and leading to operation part. 

[0037] Moreover, in the gas analyzer of this invention, it is desirable to 
measure the pumping current (Ip3) over two or more known amounts of 
measured gas constituents, to create a calibration curve, and to proofread 
this gas analyzer. That is, the data of pumping current (Ip3) to two or more 
known amounts of measured gas constituents are accumulated to the 
operation circles of a gas analyzer, and it is made to perform the conversion 
in the amount of measured gas constituents from the pumping current (Ip3) 
of the measured gas constituents made into the purpose, and proofreading to 
them based on this data. For example, as shown in drawing 7 , it can carry 
out by measuring using the proofreading gas (standard gas) of each 
concentration a, b, and c, searching for the pumping current at that time (la, 
lb, Ic), respectively, and creating a calibration curve, a calibration curve - a 
primary straight line - or double - it becomes degree curve etc. and it is 
also possible in operation part to create a calibration curve automatically 
Moreover, it is still more desirable to also measure the oxygen dependency or 
equivalent dependency indicated previously, and to amend a calibration 
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curve. 

[0038] The gas analyzer of this invention is H2 O and C02 at least besides 
the known measured gas constituents concerned as known measured gas 
constituents (proofreading gas) used in that case although it is desirable to 
proofread using a calibration curve as mentioned above. It is desirable to use 
the gas containing any one kind of gas constituents. That is, as shown in 
drawing 8 , it is H2 O or C02. If the proofreading gas which is not included is 
used, it will arise that the generating electromotive force of a solid electrolyte 
becomes low, and pumping current (Ip3) increases, occasionally become 
unstable, and the reliability over the numeric value of the gas concentration 
which should be measured falls. On the other hand, they are H2 O and C02 
at least. If the proofreading gas containing any one kind of gas constituents 
is used, pumping current (Ip3) will be stabilized. Although this reason is 
unknown, what is depended on change of the surface state of the electrode of 
a solid electrolyte or stabilization is presumed. H2 O and C02 As an addition, 
it is each or a total amount, and more than 0.1vol% is desirable and more 
than lvol% is still more desirable. 

[0039] Moreover, in the gas analyzer of this invention, on the electrode of the 
solid electrolyte which constitutes an electrochemical pump cell at the 
predetermined stage before use and after use, CO, OH, or the poisoning 
nature matter adsorbs superfluously, and the analysis precision of a gas 
analyzer may be reduced. Then, in a gas analyzer, before measuring a 
calibration curve, it is desirable to desorb the poisoning nature matter etc. 
from the electrode of a solid electrolyte, to make an electrode into a normal 
state and to proofread it. As the desorption method, it divides roughly and 
elevated-temperature-izing and the impressed current of a sensor are 
mentioned. That is, after raising the sensor equipped with the 
electrochemical pump cell to 50 degrees C or more fixed time from the 
operation temperature, it returns to operation temperature, and the method 
of creating the calibration curve by proofreading gas is used preferably (the 
elevated-temperature-ized method of a sensor). Here, time to hold a sensor to 
elevatedtemperatureization is enough in about about 10 minutes, moreover 
as the impressed-current method of a sensor - a sensor ~ from a 
mechanical component - separating -- first - after connecting a police box 
power supply between each electrode pair of the third processing zone, for 
example, passing police box current 1Hz or more fixed time, a sensor is 
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returned to a drive state and the method of creating the calibration curve by 
proofreading gas is also used preferably Here, time to pass police box current 
is enough in about about 10 minutes. 

[0040] As mentioned above, although this invention has been explained 
concretely, it is needless to say that this invention may be carried out in the 
mode which added various change, correction, improvement, etc. based on 
this contractor's knowledge, and unless the mode of still such operation 
deviates from the meaning of this invention, it should be understood that it 
is what belongs under the category of this invention. 
[0041] 

[Effect of the Invention] NOX which is made into the purpose according to 
the gas analyzer and the proofreading method of this invention as explained 
above etc. - stable pumping current and stable electromotive force 
corresponding to concentration of measured gas can be obtained, and 
measured gas-constituents concentration can be measured correctly 
Moreover, even if measurement with it is possible and it moreover faces 
measurement of low-concentration measured gas constituents continuously, 
without receiving influence in it even if the oxygen density of measured gas 
becomes high, a high S/N ratio is obtained, and a big signal change can be 
obtained. [ it is rapid response and exact for a long time ] 

[Brief Description of the Drawings] 

[Drawing l] It is the block diagram showing an example of the composition of 
the gas analyzer concerning this invention. 

[Drawing 2] It is the block diagram showing other examples of the 

composition of the gas analyzer concerning this invention. 

[Drawing 3] NOX of the component which constitutes the gas analyzer of this 

invention It is the block diagram showing an example of a sensor, and is 

important section expansion explanatory drawing [ in / the A-A cross section 

of (a) / (a) and / in (b) ]. / flat-surface explanatory drawing 

[Drawing 41 NOX of the component which constitutes the gas analyzer of this 

invention It is cross-section explanatory drawing showing the modification of 

a sensor. 

[Drawing 51 It is the gas analyzer which materialized the gas analyzer 
shown in drawing 2 as a block diagram. 

[Drawing 61 It is the graph which shows the relation between the oxygen 
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density in measured gas, and pumping current (Ip3). 

fDrawing 71 It is the graph which shows a calibration curve. 

[Drawing 81 H2 O in proofreading gas, and C02 It is the graph which shows 

the relation between a content and pumping current (Ip3). 

[Description of Notations] 

2 - A sensor element, 4a, 4b, 4c, 4d, 4e, 4f Solid electrolyte layer, 6 [ - The 
third internal dead air space, 9 / Interior dead air space of coalesce, ] - The 
first internal dead air space, 7 - The second internal dead air space, 8 10 [ 
The second diffusion limitation path, ] A criteria air introduction path, 12 - 
- The first diffusion limitation path, 13 14 [ — The first outside pump 
electrode, ] - The third diffusion limitation path, 16 The first inside pump 
electrode, 18 20 [ -■ A reference electrode, 26 / - Potentiometer, ] - The source 
of good transformation, 22 - A measuring electrode, 24 28 [ - The third 
inside pump electrode, ] ■■ The second inside pump electrode, 30 - The 
second outside pump electrode, 36 38 [ - A community pole, 50 / - Gas 
analyzer, ] - The third outside pump electrode, 42 - A heater, 44 60 [ A 
detecting element, 62 - Probe, ] - Measured gas induction, 70 - NOX 63 [ - 
A flange, 67 / Inner tube, ] - Gas intake, 64 - A gas exhaust port, 67a 72 [A 
sensor unit, 74 - NOX Sensor, ] - A detecting-element main part, 73 - NOX 
75 [ Proofreading gas intake, 79 / - Flange, ] A terminal block, 77 - A 
flange, 78 80 [ - An O ring, 85 / - A mechanical component, 86 / - Terminal 
screw, ] ■■ A lid, 81 - A wiring mouth, 82 90 [ - A mechanical component, 102 
/ - Operation part, 103 / - The display -output section, 104 / - A heater 
mechanical component, 105 / - Amplifier, 110 / - A sensor probe, 120 / - 
Receiver unit. ] - A receiver, 100 - A gas sensor, 101 
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